Red-tail coral snake (Micrurus mipartitus) is a long and thin bicolor coral snake widely distributed in Colombia and is the coral that causes the majority of accidents in the Andean region, so it is important to keep this species in captivity for anti-venom production and research. However, maintaining this species in captivity is very difficult because it refuses to feed, in addition to the high mortality rate due to maladaptation syndrome. In this study a force feeding diet, diverse substrates for maintenance and a milking technique were evaluated. Additionally, individual variability of the venom was determined by High Performance Liquid Chromatography (HPLC), Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis (SDS-PAGE) and Coagulant, Anticoagulant and Hemolytic activities. The results of this study demonstrate that it was possible to increase the survival rate of this species in captivity and to determine some of the important factors in the maintenance. As to the individual variability of the venom, we found differences in number and intensity of peaks recovered by chromatography and also displayed variations in some of its biological activities.
INTRODUCTION
The genus Micrurus (Duméril, Bibron & Duméril, 1854 ) is distributed from the southern United States to Central and South America as far as northern Argentina (Campbell and Lamar, 2004) . There are about 70 species living from level sea to 3000 m above sea level. Its diet is poorly understood, but it shows preference for small, limbless animals with elongated appearance such as snakes, lizards, some fish and amphisbaenians (Jackson and Franz, 1981; Roze, 1996; Da Silva and Aird, 2001; Campbell and Lamar, 2004) .
Colombia is the third American country with the greatest biodiversity of coral snakes. Twenty-eight species of coral snakes have been reported (Sarmiento Acuña, 2012) showing a wide distribution: the western, central and eastern Andes ranges, including the valleys and the eastern slopes of the Cordillera Oriental; the Sierra Nevada to the north and Gorgona Island in the Pacific. They dwell in the mountain forests up to 2700 m and are commonly found near human settlements (Schmidt, 1955; Roze, 1996; Campbell and Lamar, 2004) .
Accidents caused by coral snake bites in Colombia do not exceed 3 % (Otero et al., 2001; Castrillón-Estrada et al., 2007; Heredia, 2009; Sarmiento Acuña, 2012) , causing neurotoxic symptoms due to the molecular low weight neurotoxins that bind to endplate receptors generating flaccid paralysis, which cause respiratory arrest (Castrillón-Estrada et al., 2007; Sarmiento Acuña, 2012) . Although myotoxic and indirect hemolytic activity in M. mipartitus venom in vitro studies had been demonstrated, it had not been clinical evidenced (Otero et al., 1992 , Renjifo et al., 2012 . Bites caused by coral snakes are generally classified as severe and their treatment involves the administration of a specific antivenom because it is known that crossneutralization between the venoms of the Micrurus species is of low magnitude, forcing produced anti-venoms with high neutralizing capacity that can be used against venoms for most species of coral snakes (Rey-Suárez et al., 2011) .
Micrurus mipartitus (Duméril, Bibron & Duméril, 1854 ) is a long and thin coral snake with black, white (or yellowish) rings on body and a red parietal band and two -four red rings on tail. In northwestern South America is commonly known as "rabo de ají" o "rabo de candela" (Campbell and Lamar, 2004) . One important aspect while keeping this species in captivity is the production of anti-venoms and researching its toxins. However, it is known that the maintenance of many species of Micrurus in captivity is difficult, largely due to the lack of knowledge of its natural habits in the wild and the consequential difficulty of capture (Ciscotto et al., 2011) Additionally, the feeding process in captivity is difficult because a maladaptation syndrome (Roze, 1996; Chacón et al., 2012; Renjifo et al., 2012) .
The known natural diet of M. mipartitus consists of snakes and lizards, including Atractus werneri, Lepidoblepharis sanctaemartae and some individuals of Amphisbaenians (Campbell and Lamar, 2004) . However, individuals who have been in captivity have never voluntarily fed on young individuals of Mastigodryas sp., Liophis sp., Atractus sp. or Typhlops sp. adults (dead or alive). Additionally, the coral snakes had never lived more than six months in captivity in our institution and the known life expectancy for Micrurus specimens rarely exceeds one year (Chacón et al., 2012) . Therefore, it is necessary to evaluate alternatives to standardize protocols for the maintenance of these species in captivity. The scope of this study is to evaluate different approaches on captive maintenance and characterize the individual variability of venom in adult individuals of Micrurus mipartitus, since there is little knowledge on the venom composition and action for this species and the importance of producing specific antivenoms (Rey-Suárez et al., 2011; Rey-Suárez et al., 2012 , Renjifo et al., 2012 .
MATERIALS AND METHODS

Animals and captivity
Animals from the Southwestern region of Antioquia were received and housed in the Serpentarium of Universidad de Antioquia -UdeA (Research permission AMVA No. 0000504, May 5th , 2009). Twelve adults of M. mipartitus (six females and six males) were housed individually in plastic boxes (43 cm long x 31.3 cm width, 18 cm high). Boxes were labeled with identification tag (ID) and water ad libitum was provided. Each animal was assigned an ID (Table 1 ). All quarantine protocols established by Serpentarium were followed. Recommendations of the Ethics Committee for Animal Experimentation (CEEA) from Universidad de Antioquia were followed. Weight, total length and sex were determined, they were also dewormed with Fenbendazol as unique doses (Carpenter, 2005) . As part of the protocol, the clinical status and weight were monitored every ten days before feeding. The animals were kept under the environmental conditions of Medellín city; temperature 16-28 °C and 50-65 % relative humidity (IDEAM, 2005) .
Diet
The feeding process was based on the force-feeding technique described by Fowler (1981) . The animal was positioned vertically and a lubricated 8 gauge Nelaton® probe was inserted as far as the first quarter of the animal. The food was introduced slowly and then the probe was gently extracted. The animal´s belly was massaged while maintaining it in upright position for a few minutes to avoid regurgitation. A diet for critical care A/D Hill's Prescription diet® and water 1:1 (Carpenter, 2005) supplemented with 1/8 teaspoon Esencial® (Holliday Laboratories) was used. The administered volume was determined for each animal; 2 mL for every 15 g snake weight and 3.5 to 4 mL for a 30-40 g snake weight at every ten-day interval. In cases in which an animal was found sick or had weight loss, force-feeding was performed every five days until the animal regained its previous weight. After this happened it was returned to the ten day-frequency used for the healthy animals.
Substratum
To determinate what type of substratum offered the best conditions of humidity, temperature and refuge, we evaluated three types of substrates: vermiculite, a coconut substrate for reptiles (Eco earth®, ZooMed) and corrugated cardboard with a shelter made of the same material. Each substrate was evaluated for four animals; they were randomly assigned to the type of substrate. Using a thermohygrometer kit (Cole Parmer 37951-00, Vernon Hills, Illinois) twice daily, humidity and temperature inside boxes with different substrates were monitored.
Milking
The animals were milked at an every 20-day interval. They were divided in two groups. The first group was induced to bite on a vial covered with Parafilm®. The second group was induced to bite on a vial covered with Dacron. Venom was collected and identified individually in two consecutive milkings to analyze individual variation in this species. Collected venom was immediately lyophilized and stored at -70 °C.
In vitro individual venom characterization and biological activities
Venom from seven adult coral snakes (four females and three males) was evaluated through high performance liquid chromatography (HPLC) using the method described by Rey-Suárez et al., (2011) ; thus 2 mg of each venom (except one snake of which only 1.6 mg was obtained) were diluted in 200 μL of 0.1 % trifluoroacetic acid (TFA, A solution), centrifuged at 7000 g for seven minutes and loaded on a Pinnacle DB C18 column (5 μm 250 x 4.6 mm) using a Shimadzu chromatograph. Elution was performed at 1 mL/min by applying a gradient solution B (acetonitrile, containing 0.1 % TFA) as follows: 5 % B for five minutes, 5-15 % B over ten min, 15-45 B over 60 min, and 45-70 % B over ten min. Absorbance was monitored at 215 nm. Each fraction was manually collected into vials and was subsequently dried in a vacuum centrifuge (Vacufuge plus, Eppendorf) for further characterization.
The higher peaks obtained of HPLC were from two venoms with similar chromatogram profiles to describe Rey-Suárez et al., (2011) and two venoms with different chromatogram were evaluated through 15 % polyacrylamide gel electrophoresis in sodium dodecyl-sulfate (SDS-PAGE) in non-reducing conditions. Protein bands were visualized using Coomassie brilliant blue R-250 staining.
The coagulant, anticoagulant and indirect hemolytic activities were evaluated to six whole venoms. The coagulant activity was tested by adding 20 μg (in 50 μL of phosphatebuffered saline; PBS; 0.12 M NaCl, 40 mM sodium phosphate, pH 7.2) to 200 μL of citrated human plasma, previously incubated at 37 °C. The clotting time was determined in a coagulometer (Human Clot Junior ®). The anticoagulant activity of venoms was tested by preincubating 20 µg (in 50 μL PBS) with 500 µL of citrated human plasma for ten minutes at 37 °C in the double boiler. Finally 50 µL of 0.25 M CaCl 2 was added and the clotting time was measured.
Indirect hemolytic activity was performed using the erythrocyte-egg yolk method (Gutiérrez et al., 1988) . Venom (2 μg/16 μL PBS) was added to agarose-yolk-erythrocyte gels. The plates were incubated at 37 °C for twenty hours and the hemolysis halo was measured individually. Assays were done in triplicate. PBS and Bothrops asper (Garman, 1883) venom were used as negative and positive control respectively.
Statistical Analysis
An analysis of variance (ANOVA) for repeated measurements with Bonferroni correction, a t-test for the mean difference, a chi square to evaluate association and non-parametric Mann Whitney test in IBM SPSS Statistics Version 20 (N° 9988-003-2014, Licensed Material-Property of IBM Corp) was performed. A value of p ≤ 0.05 was considered statistically significant.
RESULTS
Captive conditions
Forty-one percent (n=5) of the animals that were received during the study (12 months) increased the rates of survival to six months in captivity (UdeA Serpentarium record). In addition, tree of them survived more than a year, one of which is still alive, with greater survival to 33 months.
Mortality rate was 58.3 %. Major causes of death were drowning (8.3 %, n=1); asphyxia (16.6 %, n=2); septicemia (16.6 %, n=2); maladaptation syndrome (41.6 %, n=5) and unknown cause (16.6 %, n=2). The frequency of the pathologies found in captivity was: parasitism 16.6 % (n=2) [Kalicephalus spp. (n=2) and Trichomonas spp. (n=1)]; rostral abrasion 41.6 % (n=5); dysecdysis 33.3 % (n=4); weight loss at least once in captivity 58.3 % (n=7) and dermatitis 58.3 % (n=7). Topical therapies for sick animals were used, because its low weight difficult the dosage of many drugs. Also literature reports about the toxicity of some drugs in this species are scarse.
Diet evaluation
Nine of 12 animals were able to maintain or increase their weight during the time they remained in the study. As shown in table 1, four of the five animals that increased the survival rate over six months, increased their weight in captivity in relation to the weight of arrival date. Furthermore, it was concluded there was not variation in the weight of the animals administered with food (p= 0.561). Although weight gain of the animals was observed, it was not statistically significant.
Substratum evaluation
The average temperature was similar for three substrates evaluated (Table 2 ). Respect to the humidity, Eco earth® substrate for reptiles showed highest average 84.89 % (79.07-90.71 %) following by vermiculite 80.75 % (72.40-89.10 %). Although the cardboard substrate had the lowest average humidity 71.05 % (65.28-76.82 %) this is within the relative humidity range described for M. mipartitus (Campbell and Lamar, 2004) .
When we compared substratum type with the presence of any disease, it was concluded that there was no association between dysecdysis and substratum (p=0.687); however, substratum and dermatitis were correlated (p=0.012). All animals that had contact with Eco earth® substrate (n=4) developed dermatitis. Also, 75 % (n=3) of the animals that were in contact with vermiculite developed this pathology, contrasted with zero individual in the cardboard substrate.
The presentation of rostral abrasion, a common problem in captive reptiles and stress-related entity, was independent of the type of substrate used (p=0.254).
Milking
At the end of one year of monitoring, the Parafilm® membrane was demonstrated less traumatic because the snakes did not develop oral lacerations or secondary stomatitis. Also this membrane allowed for the proper collecting of venom that was released by the snake. In contrast, the Dacron membrane did not collect venom because the fangs of M. mipartitus are very small and did not pierce this membrane. As shown in table 3, some variation in the amount of venom collected in two milking sessions was observed. The volume of venom range was 4 to 14 µL. Also, there were no sexual differences in the venom volume collected (p=0.074). Thus the mean volume for females was 13 µL (11.4-14.6 µL) and for males was 16.3 µL (13.8-18.8 µL).
Individual venom characterization and biological activities in vitro
In the HPLC, 18 to 21 fractions were collected for each venom sample. The venom chromatographic profiles obtained from each specimen were similar in relationship to the number of peaks (Fig. 1) . However, a marked difference in peak intensity of some specimens was observed. The peaks were distributed mainly in the region corresponding to three finger type toxins and phospholipases regions, according to the description by Rey-Suárez et al. (2011) for this species. The number of peaks in the region of three-finger type toxins ranged from six to nine; it agreed with gel electrophoresis that showed protein bands with molecular mass of ~10 kDa. Some specimens, however, evidenced some differences, for example specimens 4260, 4283 and 4235 showed less peaks in this region. Particularly, snake number 4260 did not evidence the peak eluting at ~30 min. The number of peaks corresponding to phospholipase region ranged from five to eight. It agreed with gel electrophoresis that showed protein bands with molecular mass of ~15 kDa. Snake 4271 showed the lowest number of peaks in this region, while snakes 4241, 4260 and 4235 had the highest number of peaks.
In the SDS-PAGE the fractions eluted between ~30 and 39 min showed the bands of ~10 kDa molecular mass, which is characteristic of three-finger type toxins. Peaks collected from ~40 min, the region of phospholipases, showed bands with molecular masses ranging from 10 to 20 kDa. Peaks collected between ~60 and 70 min corresponded to 15 and 35 kDa protein bands for snake 4241. Snakes 4282, 4260 and 4283 showed protein bands with 15 and 25 kDa molecular masses. The last peak eluting at ~82 min corresponded to a protein band between 50 and 60 kDa for snakes 4241, 4283 and 4282. The last peak for snake 4260 corresponds to a protein band of ~ 35 kDa. Venom of M. mipartitus specimens no induced coagulation of plasma up to 30 min., but all showed some anticoagulant activity with some differences (p=0.023) ( Additionally, all venoms caused hemolysis, however venoms from specimens 4260 and 4241 developed the highest hemolytic halos. No significant differences between the hemolysis halos were statistically observed (p=0.229).
DISCUSSION
Although the idea of feeding snakes in captivity is based on providing their natural prey (Nist, 1994) , it is very common that coral snake kept in captivity refuse the food offered to them (Roze, 1996) . Inadequate temperature maintenance has also been associated with anorexia in captive snakes (Kauffeld, 1953) . However, the average temperature in Medellin (23 °C) is suitable for the requirements of M. mipartitus (Campbell, 1973; Roze, 1996; Campbell and Lamar, 2004) .
A feeding alternative in captivity is to provide linear fragments of fish or beef impregnated with the smell of natural prey, and offer food after the ecdysis process (Kauffeld, 1953) . Also, a frozen fish diet (small and thin size species) that in some cases commercially available was described by Nist (1964) , and fillets of Tilapia (Oreochromis sp.) fish were used by Chacón et al. (2012) . Prior to feeding the fish was thawed for subsequent feedings to the snake. Chacón et al. (2012) found that a fish-based diet promoted a significantly higher survival time of M. nigrocinctus in captivity. However, a dietary regimen similar to the one described in this study was unsuccessfully used in the UdeA Serpentarium. Nevertheless, this technique was considered impractical and non-viable as permanent diet in captivity because of the high levels of thiaminase frozen fish can have, thus inducing thiamin deficiency if used solely, which causes typical neurological symptoms (Mader, 2006) . However, Chacón et al. (2012) kept coral snakes fed solely on fish diet until 168 ±21 weeks.
When there is no possibility to provide a natural diet, conditioning to feeding on dead prey, a force-feeding is recommended (Nist, 1964) . Therefore, due to the difficulty of obtaining natural prey and voluntary feeding at UdeA Serpentarium, it was decided to use a forced diet as previously recommended by Fix and Minton (1976) and Fowler (1981) . A diet based on A/D® Hill's with mineral and vitamin supplement was used in this work and provided satisfactory results. This diet was chosen because have highly digestible ingredients and extra calories, preserving lean body mass and also have a soft consistency that facilitates tube feeding. This diet was described by Carpenter (2005) as alternative diet for anorexic carnivore's reptiles and it was recommended by a colleague with experience in maintaining of American coral snakes. Table 1 shows that the supplied diet allowed to maintain and/or increase the weight of the animals in captivity, one important aspect is to keep coral snakes for more than six months in captivity in the UdeA Serpentarium.
One coral snake is still alive, reaching 33 months in captivity and it is the first report for Colombian M. mipartitus.
The complications that can result from forced feeding, such as trauma or esophageal and/or stomach rupture and regurgitation are known (Fowler, 1981) . In this study we used a lubricated ten gauge Nelaton® probe, which is the right size for this coral snake to avoid trauma to the lung and esophagus, and also to prevent the folding of it. Only regurgitation was observed during the first feeding. Trauma or rupture was not observed during necropsies performed on snakes that died during the study. The pathologies that occurred in captivity and gastrointestinal parasites observed in snakes quarantined agree with those described by Mader (2006) and Pasmans et al. (2008) .
All evaluated substrates offered appropriate conditions of temperature and humidity for the species (T: 26 °C, H: 70-85 %) according to the report by Campbell (1973) , Roze (1996) and Campbell and Lamar (2004) . Coral snakes maintained on cardboard remained more active while animals that were in the Eco earth® and vermiculite substrates remained calmer because these substrates allowed coral snakes to make caves and hideouts. This agrees with the natural behavior of this species; they spend a lot of time under the shelter (Jackson and Franz, 1981; Campbell and Lamar, 2004) . However, it is important to note that the substrates that retained more moisture required frequent maintenance and strict disinfection. Furthermore, they were more susceptible to environmental fungi colonization.
According to what was described by Fix and Minton (1976) , the technique of milking with Parafilm® membrane yielded a good amount of venom released by the snake, and not cause trauma to the snake mouth. The results of venom evaluation and the volume of venom range (4 to 14 µL) were consistent with what was previously described by Rey-Suárez et al. (2011) . However, several venoms showed some variations in chromatographic and electrophoretic profiles, related to the number of peaks eluting in the region of three-finger type toxins, which varied between six and nine and in the region of Phospholipase A 2 from five and eight. Specimens that showed fewer peaks corresponding to the region of three-finger type toxins showed the highest number of peaks in the region of Phospholipases A 2 (4235 and 4260 specimens).
In addition there was a particular case in the venom of snake 4260, in which the peak eluting at ~30 min was not observed. According to Rey-Suárez et al. (2012) this peak corresponds to the "Mipartoxin", a three-finger type toxin that showed high lethality. It would be important to determine if the venom lethality of this specimen may be lower in relation to the other specimens. Regarding to electrophoresis, the first fractions collected (before 28 min) did not contain proteins, as no bands were evident, which is based on what was described by Rey-Suárez et al. (2011) .
The indirect hemolytic and anticoagulant activity evaluated is related to the presence of Phospholipases A 2 in the venoms (Kini, 1997) . In this study all venoms showed their effect. Nevertheless, venoms from specimens 4241 and 4260 had a higher hemolytic activity, and they had the greater number of peaks in the chromatogram region of phospholipases. In the same way, all venoms showed anticoagulant activity, but specimen 4260 presented the highest clotting time to 261 seconds related to control. In the same way Kopper et al. (2013) , reported differences in the PLA 2 enzyme activity of venoms from 13 M. tener tener specimen.
The intra-specific variations of venoms have been related to animal factors including phylogeny, geographic origin, age, sex and favorite prey (Da Silva and Aird, 2001) . In this study venom variability between sexes was not found (results are not shown). This agrees with what was described by Kopper et al. (2013) with M. tener tener in another study. The inter-specific variability in the venom has been described in 49 Micrurus spp. It has been related to prey preference since all venoms tested were more toxic to natural prey than to those which were not (Da Silva and Aird, 2001) . Gutiérrez et al. (1992) , found inter-specific variability in the myotoxic activity of venoms of eleven species of Micrurus. In addition, Da Silva and Aird (2001) considered that the coral snakes may be intra-population, inter-sub specific and inter-specific variability in the composition of their venoms. Another study that evaluated M. frontalis, M. surinamensis, M. lemniscatus and M. nigrocinctus venoms found variations in the anticoagulant and phospholipase A 2 activity (Cecchini et al., 2005) . This venom variability is an important factor to low cross-reactivity of polyvalent antivenoms of coral snakes (Ciscotto et al., 2011) .
Individual variability in snake's venoms has been described in other genus such as Crotalus durissus cumanensis (Aguilar et al., 2007) , Echis spp. (Barlow et al., 2009) and Sistrurus spp. (Gibbs et al., 2009) . A recent study that evaluated the individual venom variability of a Texas coral snake (M. tener tener) concluded that there is an inverse relationship between volume and total protein concentration, although not found variations in the electrophoretic profiles of individuals (Kopper et al., 2013) . In the same study was found that phospholipase A 2 activity differed greatly among individuals. However, a correlation with gender in the venom volume or total protein concentration was not found, but females always produced less volume of venom (Kopper et al., 2013) .
CONCLUSION
The results of this study support that the diet used prolonged the lifetime of M. mipartitus in captivity. Also, allowed to progress in the standardization of the maintenance of this species. However, further studies are required to improve their living conditions in captivity in order to reduce the mortality of this species and maladaptation syndrome. On the other hand, we expect to establish a venom bank that allows to produce antivenom and to improve the prognosis of people who are bitten by this species.
